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CLAIMS 

We claim: 

1. A method of controlling a temperature regulating system, comprising the 
steps of: 

defining a performance index that indicates a desired balance between 
maintaining a user selected setpoint temperature and conserving energy costs; 
determining a current energy cost; 

determining a value of the performance index using an optimal control 
solution and the current energy cost; and 

adjusting a sensitivity of the system to a difference between the setpoint 
temperature and a current actual temperature according to the performance index value. 

2. The method of claim 1, including reducing the sensitivity when the 
p performance index value indicates that conserving energy costs is preferable to 

maintaining the user-selected setpoint temperature based upon the current energy cost. 

U 3. The method of claim 2, including subsequently increasing the sensitivity 

* when the performance index value changes because the current energy cost is relatively 

flP lower. 



;:~ 4. The method of claim 1, including reducing the sensitivity responsive to an 

increase in the energy cost. 

5. The method of claim 4, including adjusting the sensitivity by adjusting a 
time within which the system reacts to the temperature difference. 

6. The method of claim 4, including automatically at least temporarily 
resetting the setpoint temperature responsive to the performance index value. 
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7. The method of claim 1, including determining the performance index by 

estimating a value of PI = J (QT 2 +Ru 2 ) du 

wherein Q is a user-selected weighting factor indicating the user's desire 
to maintain the setpoint temperature; 

T is the temperature difference; 

R is a determined weighting factor indicating the need to balance energy 
cost savings with the user's desire to maintain the setpoint temperature; and 

u is a value indicating system operation responsive to the temperature 
difference. 

8. The method of claim 7, including estimating the performance index using 
a degenerate Ricatti equation. 

9. The method of claim 1, including using the performance index value to 
determine a gain value and applying the gain value to the system control signal. 

10. The method of claim 9, including determining the gain value by 
determining a value of k T = -PBR" 1 

wherein k is the gain value; 

P is the estimated performance index value; 

B is a predetermined system gain value; and 

R is a determined weighting factor indicating the need to balance energy 
cost savings with the user's desire to maintain the setpoint temperature. 



10 




o 



Docket No. 60,246-160 
IEM #EL 923720950 US 



11. A temperature regulating system, comprising: 

a thermostat device having a user input portion that allows a user to input 
a setpoint temperature and a sensor portion that provides an indication of a current 
temperature near the thermostat device; 

a communication module that is capable of receiving information from an 
outside source remote from the thermostat device; and 

a controller that determines a current energy price from information 
received by the communication module, determines a performance index value indicative 
of a balance between a user-specified desire to maintain the setpoint temperature and 
energy cost savings and automatically adjusts a sensitivity of the system to a difference 
between the current temperature and the setpoint temperature according to the 
performance index value. 

12. The system of claim 1 1 , wherein the controller automatically slows down 
a response time of the system to the temperature difference responsive to an increase in 
energy costs. 

13. The system of claim 11, wherein the controller automatically at least 
temporarily resets the setpoint temperature responsive to an increase in energy costs. 

14. The system of claim 11, wherein the controller automatically adjusts a 
gain of a control value that directs an amount of airflow through the system according to 
the performance index value. 

15. The system of claim 11, wherein the controller determines the gain value 
by determining a value of k T = -PBR" 1 



wherein k is the gain value; 

P is the estimated performance index value; 

B is a predetermined system gain value; and 

R is a determined weighting factor indicating the need to balance energy 



cost savings with the user's desire to maintain the setpoint temperature. 
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16. The system of claim 11, wherein the controller determines the 



2 2 

performance index by estimating a value of PI = J (QT +Ru ) du 



wherein Q is a user-selected weighting factor indicating the user's desire 
to maintain the setpoint temperature; 

T is the temperature difference; 

R is a determined weighting factor indicating the need to balance energy 
cost savings with the user's desire to maintain the setpoint temperature; and 

u is a value indicating system operation responsive to the temperature 
difference. 

17. The system of claim 16, wherein the controller estimates the performance 
index using a degenerate Ricatti equation. 

18. The system of claim 16, wherein R is a ratio of the current energy price to 
a predetermined nominal energy price. 
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